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A B S T R A C T
This paper investigates the effect that texting with WhatsApp, one of the most common applications for instant
messaging, exerts on driving performance. Because distracted driving also affects older drivers, who can have
seriously compromised vision, we also analysed the associations between visual-function parameters and driving
performance. A total of 75 drivers, experienced in sending WhatsApp messages (≥10WhatsApp messages/week),
participated in this study and were divided into four age categories. Visual-function tests included contrast sen-
sitivity with and without glare, retinal straylight and objective assessment of optical quality. Simulated driving
performance was assessed under a baseline driving condition (without distraction) as well as a texting condition
(WhatsApp messages) while driving. The participants used their own mobile phone. Lastly, objective results of
driving performance were compared with subjective self-report data from the Driver Behaviour Questionnaire
(DBQ). The analysis indicated that functional changes occurring with age, such as a lower contrast sensitivity
and greater retinal straylight, were correlated with a higher number of collisions, longer distances driven out-
side the lane, and greater standard deviation of lateral position (SDLP). The results showed a significant main
effect of age for the driving-performance parameters. Also, compared to the baseline, texting WhatsApp messages
while driving worsens driving performance for all age groups, most notably among older participants. Thus, the
older drivers' SDLP was ~14% higher than that for the baseline average of all the other drivers and rose to 29%
under distraction, reflecting the impact of secondary tasks. The negative effect of the use of the smartphone dur-
ing driving was also reflected in the number of collisions, with a greater risk of accidents in all the groups of
drivers (by 8.3% for young adults, 25.0% for adults, 80.5% for middle-aged adults, and 134.5% for older dri-
vers). Lastly, participants' subjective responses indicated that younger drivers (18–24 years) had a higher risk of
deliberately violating safe driving practices (p<0.05). The present study demonstrates that texting WhatsApp
messages while driving significantly impairs the ability to drive safely, with older drivers being the group most
adversely affected. It would be recommendable to include other nonstandard vision tests, which have shown as-
sociations with driving performance, in the examination for driver licensing. This would help raise the awareness
of older drivers concerning their visual limitations, permitting them to adopt compensatory measures to improve
their driving safety. Nevertheless, it is also necessary to raise awareness among the younger drivers of the risks
involved in behaviour behind the wheel.
1. Introduction
Distracted driving is one of the major concerns in terms of road
safety today. According to the Spanish General Directorate of Traf-
fic (DGT), 35% of fatal crashes were caused by driver distraction in
2015 (Dirección General de Tráfico, 2016). In Canada, data from 2003
to 2007 showed that 10.7% of all drivers injured were distracted at
the time of the crash (World Health Organization, 2011). Data from
NHTSA’s Fatality Analysis Reporting System (FARS) indicated that, in
the United States, 10% of all fatal crashes and 15% of injury crashes in
2015 were reported as distraction-affected accidents (Report No. DOT
HS 812 381). This level seems to persist.
One of the main causes of driver distraction is mobile-phone use,
mostly for texting (Wilson and Stimpson, 2010). Until a few years ago,
driving distraction from phones was limited to calls or SMS (Short Mes-
sage Service). However, it has changed with the smartphone’s emer-
gence. Smartphones enable us to access the Internet, check e-mails, and
social media or converse with applications such as WhatsApp, one of
the most common applications for instant messaging at no cost. The
growth of this application has been exponential since its introduction
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only eight years ago, reaching 1 billion users (https://whatsapp.com). In
Spain, according to DGT, 89% of all smartphone owners use WhatsApp
in their devices and 53% use it occasionally for texting while driving,
despite this practice being banned (Dirección General de Tráfico, 2016).
The majority of studies that have investigated the mobile-phone use
on driving performance have focused on young drivers, because they are
the first group in distracted driving fatalities. Results in several studies
indicated that young drivers (from 18 to 21 yrs.), when text messag-
ing, spent up to 400% more time not looking at the road than when not
texting, with variability in lane position rising to 50% (Hosking et al.,
2009). Also, the probability of being involved in an accident increased
between 1.7- and 2-fold, compared to free driving (Yannis et al., 2016),
with the 86% of the collisions occurred at the time of the dual task
(Drews et al., 2009).
Distracted driving is also affected by driver age. Although older dri-
vers show less distracted incidences while driving, they are not exempt.
Cognitive, visual, and motor declines imply additional risk in distracted
driving behaviour. Romoser et al. (2013) indicated that older drivers
(from 72 to 87 yrs.) look less than younger drivers (from 25 to 55 yrs.)
towards other areas where hazards are most likely. Also, Rumschlag et
al. (2015) reported that the percent of subjects exhibiting lane excur-
sions while texting increased with driver age group. However, the high-
est age of this sample was 59 years, and therefore some of the older dri-
vers who used instant messaging applications were not studied.
In another study, Pope et al. (2017) analysed data collected with the
“Distracted Driving Behaviour Questionnaire”. Their results showed that
distracted driving happens in drivers of all ages. According to Deshmukh
(2015), the WhatsApp user’s age distribution is: 18% between 18–25
years, 29% between 26–35 years, 24% between 36–45 years, 11% be-
tween 46–55 years, 13% between 56–65 years and 5% over 65 years.
Hence, today, a significant proportion of people over 55 are regular
users of instant messaging applications and this proportion will aug-
ment given that older adults are increasingly accepting new technolo-
gies (Mitzner et al., 2010) and that drivers who are now more frequent
users will be older in a few years.
Texting and driving are both mainly visual tasks. One of the most
important causes of the vulnerability in older drivers is vision as it is
one of the most critical sensory mechanisms in the driving task. Ag-
ing causes a series of physiological changes in ocular structures that
imply a worsening in visual performance and optical quality (Artal et
al., 1993; Martínez-Roda et al., 2016; Owsley et al., 1983). This wors-
ening can be significant in later adulthood even when the visual acu-
ity is much greater than the minimum limit required by driving regu-
lations (Ortiz et al., 2013). Older drivers often mention night-time dri-
ving difficulties with oncoming headlight glare being a particular prob-
lem, likely due to increased intraocular scatter from age-related changes
in the lens and ocular media. The most common visual test for dri-
ver licensing is the measurement of high-contrast visual acuity, but this
visual function has not shown strong correlations with driving ability
(Owsley and McGwin, 2010), making it necessary to evaluate the vi-
sual function with other nonstandard vision tests. Szlyk et al. (1995)
found a significantly poorer driving performance in older drivers (from
50 to 83 yrs.) with and without visual impairment compared to young
drivers (from 19 to 49 yrs.) when assessed with a driving simulator.
One visual function that has shown a significant association with dri-
ving is contrast sensitivity (Fraser et al., 2013; Freeman et al., 2006;
Owsley et al., 2001) but in most cases this visual function is not tested
before the driver license is issued. In fact, when contrast sensitivity be-
comes severely impaired due to cataracts in older drivers, crash risk in-
creases even when it affects only one eye (Owsley et al., 2001). How-
ever, contrast sensitivity not only decreases with ocular pathologies,
but it also undergoes an age-related decline (Owsley et al., 1983). As a
result, older drivers have less visual-discrimination capacity in such
a way that signals, pedestrians or traffic lights could go undetected.
Older drivers also have a narrower useful field of view (UFV). Thus,
the study conducted by Bromberg et al. (2012) has shown that, de-
spite reducing the driving speed, elderly drivers (>65 yrs.) may still en-
counter problems in detecting pedestrians that appear outside the cen-
tre of their UFV. These visual changes also affect the secondary task
in distracted driving, requiring greater driver attention and, therefore,
making this dual task riskier. Chaparro et al. (2005) concluded that
older drivers (mean age=69.2 yrs.) identified significantly fewer road
signs and drove more slowly than did the younger participants (mean
age=27.3 yrs.), and this was exacerbated for the visual dual-task con-
dition. Other studies have reported similar results (Shinar et al., 2005).
In recent years, interest in vision in relation to driving has intensified
because we have no enough evidence concerning the visual functions
that are most involved in driving performance.
For everything indicated above, we hypothesize that instant messag-
ing use, which is becoming steadily more common among drivers of all
ages, has a negative effect on driving performance and this effect could
be worse in older drivers due to the age-related visual impairment.
Thus, the purpose of the present study was to compare the effect of
new forms of communication (e.g. texting WhatsApp messages) on dri-
ving performance through different age groups, covering all ages of in-
stant messaging applications users, and correlate it with different visual
parameters. This is especially important because other nonstandard vi-
sion tests could be needed to guarantee adequate visual requirements
to get a driving license and thus to promote driving safety as much as
possible. A secondary aim was to compare the results from a driver sim-
ulator (objective data) with self-report data from distracted-behaviour
surveys in all age groups (subjective information).
2. Material and methods
2.1. Participants
A total of 75 drivers (53 male and 22 female subjects) participated
in this study. All were in good general health without any ocular dis-
ease and having best-corrected visual acuity equal to or better than
20/25 in both eyes. They were active drivers with a valid driving li-
cense for at least one year, who reported that they drove regularly (at
least 1000km in the last year), and had prior experience using a mobile
phone while driving. All participants used WhatsApp as a common form
of communication and they can be considered experienced in sending
WhatsApp messages (≥10 WhatsApp messages/week). Subjects were di-
vided in four age categories: 20 young adults 18–24 years old (22.4±1.4
years), 20 adults 25–39 years old (30.2±4.2 years), 20 middle-aged
adults 40–54 years old (46.6±3.6 years), and 15 older adults more than
55 years old (61.3±4.1 years).
Finally, prior to participating in the study, all the drivers signed a
written informed consent in accordance with the Helsinki Declaration
(World Medical Association Declaration of Helsinki, 2001).
2.2. Visual and optical performance
2.2.1. Contrast-sensitivity function
The contrast-sensitivity function (CSF) reflects the sensitivity of the
visual system, not only regarding size but also contrast. The experi-
mental procedure for determining the CSF consists of measuring the
contrast threshold (i.e. the contrast required to see a visual target reli-
ably on a uniform background). The inverse of the contrast threshold
as a function of spatial frequency is the contrast-sensitivity function.











C. Ortiz et al. Accident Analysis and Prevention xxx (2018) xxx-xxx
with their best correction, with the CSV-1000 test (VectorVision, Ohio,
USA) at 2.5m (Fig. 1a.). This test has been demonstrated to be a reliable
tool for measuring contrast sensitivity (Pomerance and Evans, 1994).
The chart presents four rows, each corresponding to one of four spatial
frequencies: 3, 6, 12, and 18 cycles/degree (cpd). Each row presents 17
circular patches. The first patch in the row presents a very high contrast
grating in the far left of the row. The remaining 16 patches appear in
eight columns presented across the row. Each column presents a grating
patch, and the other patch is blank. The patches that present gratings
have descending contrast moving from the left to right across each row.
The subject’s task consisted of indicating whether the grating appeared
in the top patch or the bottom patch for each column. The contrast level
of the last correct response was considered the contrast threshold. Be-
fore the data were recorded, each observer underwent three training
sessions to minimize learning effects. More information on this visual
test can be found elsewhere (Pomerance and Evans, 1994).
2.2.2. Contrast glare tester
Driver safety and night-time driving difficulties have been associ-
ated with glare sensitivity (Kimlin et al. 2017). This disability glare is
the loss of retinal image contrast as a result of intraocular light scat-
ter or straylight, which is caused by imperfections in the optical me-
dia (Aslam et al., 2007). Contrast sensitivity with and without the pres-
ence of glare were determined with the CGT-1000 (Takagi, Japan) (Fig.
1b.). The test is conducted at a distance of 35cm from the screen. Con-
trast sensitivity is measured at six target sizes: 6.3°, 4.0°, 2.5°, 1.6°,
1.0°, and 0.7°. The contrast threshold is presented at 13 contrast lev-
els (from 0.01 to 0.64 contrast). The initial presentation is at maximal
contrast with “seen” targets being followed by the same size target pre-
sented at the next lower contrast level (method of descending limits
paradigm). The threshold is determined by the lowest contrast target
seen and contrast levels were converted to log CS for statistical analysis
(Pesudovs, 2007). Each subject was tested monocularly and with spec-
tacle correction when necessary.
Glare testing follows CS testing. The device has 8 glare sources
arranged around the stimulus that are activated automatically to assess
the contrast sensitivity with a simultaneous glare. The stimulus, a dark
ring on a light background, had a duration of 0.8s with an interval of
1s between presentations. The medium glare setting (20000cd/m⁠2) was
used. The subject’s task consisted of pressing a button when the stimu-
lus was detected. More information on this visual test can be found else-
where (Pesudovs, 2007).
2.2.3. Retinal straylight measurements
As mentioned above, optical imperfections of the eye cause light
scattering, resulting in a loss of retinal-image contrast. To measure this
retinal straylight for each eye, we used the “compensation comparison”
method with a commercial device, the C-Quant meter (Oculus DG, Ger-
many) (Fig. 1c). The method consists of a series of concentric rings. The
smallest ring —the test field— is divided into two halves, which the
subject is asked to look at while a concentric ring flickers with varying
intensity and frequency, making it essentially a photopic test, in which
this concentric ring would be the straylight source. The flickering of the
straylight source induces a certain amount of perceived flickering in the
test field. The subject is asked to compare the two halves of the test
field, and to indicate which side has stronger flickering by pressing a
button (Coppens et al., 2006). Three consecutive measurements were
taken monocularly for each subject. The measurements were taken in
a darkened and quiet room and the straylight parameter was expressed
in a logarithmic scale as log (s). Higher values indicate more straylight
and more sensitivity to glare and thus a more compromised visual func-
tion. Straylight increases with age in the perfectly healthy eye, reaching
~1.40 log (s) for subjects 75 years and over (Michael et al., 2009). More
information can be found elsewhere (van den Berg et al., 2006).
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2.2.4. Optical quality
To evaluate the optical quality, we took data for an OSI (Objective
Scattering Index) using the OQAS II (Optical Quality Analysis System
II, Visiometrics SL, Tarrasa, Spain), an optical system based on the dou-
ble-pass technique (Vilaseca et al., 2010) (Fig. 1d). This objective device
is useful in older patients for measuring the effect of higher-order aber-
rations and the loss of ocular transparency caused by aging, this deter-
mining the quality of the retinal image.
The OSI is a parameter that enables the objective quantification of
the intraocular scattering. OSI is computed as the ratio of the amount
of light within an annular area of 12 and 20min of arc (inner and outer
radii) and that recorded within one minute of arc of the central peak
in the acquired double-pass image. For a younger person with healthy
eyes, normal OSI values are lower than 0.5; between 1.4 and 4 for
eyes with an early cataract, and greater than 4 for eyes with a mature
cataract (Martínez-Roda et al., 2011). Data were taken from both eyes
with no pupil dilation to maintain natural conditions. More informa-
tion on this device can be found elsewhere (Diaz-Douton et al., 2006;
Vilaseca et al., 2010)
2.3. Driving simulator
The virtual visual environment was presented on three High Defin-
ition 27” screens (resolution of 1920×1080 pixels) with an 180° field
of view. The driving simulator consists of a car seat of the model BC
Corona ASI320325R, which is anchored to the structure of the simula-
tor, and a steering wheel (rotation of 900°, equivalent to two and a half
turns of the wheel), a gearshift of six speeds plus reverse and pedals (ac-
celerator, brake, and clutch) model Logitech G27 Racing Wheel (Log-
itech International S.A., Lausanne, Switzerland). The software SIMAX
DRIVING SIMULATOR v4.0.8 BETA was used for driving simulation
(SimaxVirt S.L., Pamplona, Spain).
Participants drove an itinerary of approximately 12.5Km, which re-
quired about 15min to complete when abiding by the speed limits es-
tablished. The driving scenario, performed in daylight and under good
weather conditions, consisted of 3 main sections, each with its own
speed limit and lane configurations. The first section was a dual car-
riageway (with two lanes of traffic in each direction) of 4.5km long,
120km/h, no buildings, moderate traffic, and with a gentle curve. The
second section was a winding mountain road of one-lane single carriage-
way 6km long, with variable speed limit of 40km/h to 90km/h, no
buildings, and moderate traffic. The third section was an inner-city cir-
cuit 2km long, a variable speed limit of 40–50km/h, several intersec-
tions or roundabouts with traffic signals, many buildings, 16 pedestri-
ans, and moderate traffic. The scenario used had identical traffic flow
and the same number of peripheral events for all participants.
2.3.1. Procedure
Before the experiment, all participants received at least 2 sessions
of training using the driving simulator with a similar scenario to those
used in the experimental drives (without traffic or pedestrians) in order
to minimize the impact of possible learning effects.
Each participant was tested under a baseline driving condition (with-
out distraction), and a texting condition (WhatsApp messages) while
driving. During driving (texting condition), participants received several
WhatsApps with general questions (e.g. “What is the eleventh month
of the year?”) and were required to answer by means of composing
another WhatsApp, which could occur in real life. A total of 6 What-
sApps were sent, all of similar length (30–55 characters), with one com-
posed in the 2.8km of driving, one in the 5.8km, one in the 8.5km,
one in the 10.1km, one in the 13.3km, and one in the 14km (See
Appendix A). The smartphone was situated to the right side of the
steering wheel on the stand and participants used their own personal
smartphone to ensure that they were familiar with the functioning of
the phone (Fig. 2). It should be noted that there were no restrictions on
how they distributed their attention between texting and driving. Each
of the two experimental drives was evaluated on different days to avoid
fatigue.
All subjects were instructed to drive as they normally would and
to simultaneously engage in the distracting task without allowing it to
cause unsafe driving. If a participant showed any symptoms of simulator
sickness (nausea, sweating or dizziness), the driving session was stopped
and the subject was excluded from the study.
2.3.2. Driving measures
To assess driving performance, we considered the following depen-
dent variables for analyses: mean speed, standard deviation of the angu-
lar velocity of the steering wheel, standard deviation of the lateral posi-
tion (SDLP), time spent veering outside the lane, distance travelled veer-
ing outside the lane, number of times the driver veers outside the lane,
and number of collisions. All variables were analysed under a baseline
driving condition and with the use of the smartphone.
Data were recorded by the drive simulator program every 0.10s.
2.4. Driver behaviour questionnaire (DBQ)
The Driver Behaviour Questionnaire (DBQ) was used to measure
aberrant driver behaviour (Reason et al., 1990) and has been used in
numerous works (Cordazzo et al., 2016; Stephens and Fitzharris, 2016).
Although the factorial structures of the DBQ vary between different cul-
tures and nations, the factorial validity and reliability of the DBQ has re-
cently been shown (Martinussen et al., 2013). The 30-item DBQ includes
3 items of aggressive violations, 11 items of ordinary violations, 8 items
of lapses, and 8 items of errors (See Appendix B). The DBQ question-
naire has 30 acts on a 6-point scale (from 1 = “never” to 6 = “nearly
all the time”) and the participants were asked to indicate how often they
have committed each act when driving. The item scores were added to-
gether, with higher scores indicating more frequent aberrant behaviour.
2.5. Statistical analysis
All statistical procedures were performed using SPSS 20.0 (SPSS
Inc., Chicago, IL). All measures were examined for normality (Kol-
mogorov-Smirnov test). An analysis of variance (ANOVA) with pair-
wise post hoc comparisons was used to identify differences in visual
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performance across the four age groups. The correlation between vision
measures of the visual function and driving performance was studied
with Spearman’s correlations.
Repeated-measures analyses of covariance (ANCOVA) were con-
ducted for each dependent driving measure (normally distributed). In
each ANCOVA, driving condition (i.e., baseline and distracted) served
as within-subjects factor and age group served as between-subject fac-
tor, with vision measures as covariates. The F and probability values,
the degrees of freedom, and the size effect ( ) were reported. After a
significant F test, post hoc comparisons between age groups (Bonferroni
corrected) were conducted.
A negative binomial model was developed to compare driving per-
formance (number of times the driver veered outside the lane and num-
ber of collisions) across different age groups and driving conditions
(baseline and distraction). The model used a log link function and nega-
tive binomial distribution. Repeated measures were accounted for by us-
ing generalized estimating equations (GEE). Also, visual measures were
employed as covariates.
Finally, Kruskal Wallis test was also used to identify differences in
tendency to commit aberrant driving behaviour across the four age
groups.
Statistical significance was accepted at p<0.05. All data were re-
ported as mean±standard deviation.
3. Results
3.1. Optical quality and visual performance
Table 1 summarizes the results (mean±SD) for the OSI and stray-
light values for the four age groups. As can be seen, OSI and stray-
light increased with ageing, being significantly higher for drivers older
than 55 years (p<0.05). Higher values indicate a significant effect of
intraocular scattering and more sensitivity to glare, limiting the visual
function.
This can be seen in the Fig. 3, which presents the results of the av-
erage contrast sensitivity with glare (right image) and without (left im-
age), measured with the CGT-1000 for all subjects (divided into age
categories). Contrast sensitivity with glare was significantly lower in all
groups for the six target sizes as compared to without glare.
Disability glare was assessed by measuring the effect of a glare
source on contrast sensitivity. For this, disability glare was analysed by
examining the difference in contrast sensitivity in the absence and pres-
ence of glare and was expressed as log contrast units lost with glare. A
statistically significant difference between young adults (18–24 years)
and older adults (>55 years) was reflected only in the difference be-
tween the means (p=0.029) at 4 degrees of visual angle of target size,
although older drivers had a higher disability glare than did the average
of drivers for three target sizes: 6.3°, 4°, and 2.5°.
Fig. 4 presents the results for binocular contrast-sensitivity function
measured with the CSV-1000 test (as a function of the spatial frequen-
cies considered) for all age groups. This figure reflects the deterioration
in visual performance (a lower contrast-sensitivity function) for older
drivers. The results in the binocular contrast-sensitivity function were
significantly worse for older drivers than for young adult drivers (18–24
years) for 6 and 18 cpd (p=0.044).
3.2. Driving performance
Our results showed that, at least once in the past month, about
15.7% of drivers used handheld mobile phones while driving, about
44.9% reported having a hands-free mobile phone conversation, about
36.2% sent WhatsApp messages, and about 4.2% of them read emails
and navigated. On the other hand, although our main aim was to evalu-
ate driving performance while texting and not the ability to perform the
secondary task, drivers aged 25–39 years spent significantly less time
distracted reading/texting WhatsApp messages than did drivers older
than 40 years of age, with the result that the drivers more than 40 years
old did not answer c. 5% of the WhatsApp messages sent as opposed
to ~1% left unanswered by drivers 18–39 years old. Nevertheless, it
should be taken into account that before beginning the experimental
measurements, all participants were instructed to drive safely and to si-
multaneously engage in the distracting task.
The associations between all vision measurements of the visual func-
tion and driving performance variables were tested. We found sig
Table 1
Mean±SD for the OSI and retinal straylight (log (s)) values for all age groups.
Age-groups
Parameters Young adults (18–24 years) Adults (25–39 years) Middle-aged adults (40–54 years) Older adults (>55 years)
OSI 0.54±0.34 0.52±0.25 0.62±0.23 1.15±0.61
Log (s) 0.95±0.13 0.89±0.13 0.97±0.12 1.19±0.16
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Fig. 4. Average binocular contrast-sensitivity function measured with the CSV-1000 test
for all age groups.
nificant positive correlations between the retinal straylight (log (s))
and the number of collisions (r=0.30, p=0.010), the total distance
travelled invading the opposite lane (r=0.29, p=0.011), and with
the SDLP (r=0.25, p=0.031). On the other hand, there were signifi-
cant negative correlations between the contrast sensitivity (CGT-1000)
with glare and the total distance travelled invading the opposite lane
(r=−0.25, p=0.033). Lastly, there was a significant negative cor-
relation between the contrast sensitivity (CGT-1000) and the num-
ber of collisions (r=−0.33, p=0.004) and with the SDLP (r=−0.28,
p=0.018). Of all the vision measurements, straylight, and contrast sen-
sitivity showed the strongest associations with the number of collisions.
3.2.1. Driving performance on the dual carriageway
Table 2 presents the descriptive statistics for the driving-perfor-
mance measurements for the dual carriageway.
The ANCOVA analysis indicated a nonsignificant main effect of age
or texting for the mean speed. However, there was a significant interac-
tion Task x Age (F⁠(3,66⁠)=4.28, p=0.008, =0.163), indicating that
the speed was more reduced while texting for older drivers in com-
parison to other groups. Older drivers constituted the group that most
slowed their velocity when using the smartphone, i.e. about 16.5%
compared to 3.1% for the average of all the other drivers. The results
also demonstrated that age group had a significant effect on the time
spent veering outside the lane (on shoulder), (F⁠(3,66⁠)=4.31, p=0.008,
=0.164). Older drivers spent by ~150% more time outside the lane
in comparison to the rest of the drivers (from 18 to 54 yrs.), for the
two conditions (baseline and distraction). Also, for the number of times
veering onto the shoulder, the negative binomial model revealed signif
icant main effects of age [χ⁠2(3)=37.10, p<0.001] and distraction
[χ⁠2(1)=26.45, p<0.001]. Older drivers veered off the lane a higher
number of times compared to drivers aged between 18–39 years, with a
notable effect of the smartphone
With regard to SD of the angular velocity of the steering wheel, there
was no significant effect of age or secondary task.
3.2.2. Driving performance on the two-lane mountain road
Table 3 presents the descriptive statistics for the driving performance
measurements made for the two-lane mountain road. The ANCOVA
analysis showed no significant main effect of age and secondary task for
the mean speed.
On the other hand, drivers’ ability to maintain a consistent lane po-
sition was measured by the standard deviation of lateral position (SDLP).
Post hoc tests (Bonferronni corrected) indicated that older drivers had a
higher standard deviation of the lateral lane position than did drivers
18–39 years old (F⁠(3,66⁠)=5.03, p=0.003, =0.186). Additionally,
in all age groups an increase was found due to texting (F⁠(1,66⁠)=9.16,
p=0.004, =0.122). The older drivers’ SDLP was ~14% higher than
that for the baseline average of all the other drivers, increasing to ~29%
under distraction, reflecting the impact of secondary tasks on driving
performance.
The distance travelled in the opposite lane was significantly higher
for older drivers (F⁠(3,66⁠)=4.62, p=0.005, =0.173) than that for
drivers 18–39 years old. Similarly, there was a significant main ef-
fect of age for the time spent invading the opposite lane (F⁠(3,66⁠)=3.72,
p=0.016, =0.145). Older drives spent ~89% more time spent in-
vading the opposite lane than that for the average of all the other dri-
vers, increasing to 162% when they drove while texting. The mean num-
ber of unintentional invasions of the opposite lane (times that any part
of the driver’s vehicle veered into the opposite lane) for the four age
groups is shown in Fig. 5.
The negative binomial model showed a significant effect of age
[χ⁠2(3)=28.87, p<0.001] and also of distraction [χ⁠2(1)=36.83,
p<0.001]. Older drivers committed a higher number of invasions in
comparison to that for the other groups of drivers, indicating a detri-
mental effect of the use of smartphone. Lastly, SD of the angular velocity
of the steering wheel showed a significant main effect of age. Younger dri-
vers had a lower SD of the angular velocity of the steering wheel in com-
parison to that of middle-aged participants (F⁠(3,66⁠)=3.45, p=0.021,
=0.136).
3.2.3. City driving performance
With regard to the mean velocity (Fig. 6), there was a significant in-
teraction Task x Age (F⁠(3,65⁠)=4.59, p=0.006, =0.175), indicating
that, while texting WhatsApp messages, the older drivers drove slower
in comparison to other drivers. Under distraction, older drivers reduced
their average speed by 11.9% as oppose to 1.4% for the average of all
the other drivers.
Table 2

































18–24 115.94±8.88 3.35±3.38 2.58±2.82 0.18±0.06 114.15±10.55 4.25±3.70 3.56±3.52 0.22±0.05
25–39 117.53±7.09 2.70±1.90 2.24±1.97 0.17±0.05 113.56±10.24 4.50±2.42 4.21±3.02 0.21±0.11
40–54 113.13±7.93 3.90±3.29 4.21±5.09 0.20±0.09 108.31±11.90 7.45±5.17 8.60±6.01 0.27±0.15





































18-24 55.29±2.26 0.57±0.10 309.95±200.17 25.06±15.60 0.61±0.26 55.92±2.37 0.64±0.14 419.55±244.88 29.80±20.07 0.71±0.18
25-39 55.43±2.07 0.56±0.20 305.15±238.80 22.56±19.68 0.69±0.22 55.56±2.02 0.61±0.10 485.50±299.13 32.76±20.35 0.69±0.27
40-54 55.48±2.23 0.59±0.09 487.47±351.57 32.93±21.50 0.83±0.36 53.61±3.85 0.72±0.12 771.99±552.79 57.01±37.18 0.92±0.34










C. Ortiz et al. Accident Analysis and Prevention xxx (2018) xxx-xxx
Fig. 5. Average number of times the driver veers outside the lane in all groups between
the baseline and distraction driving.
Fig. 6. Mean speed (km/h) in city streets for the baseline and distraction conditions.
Lastly, we also analysed the average number of collisions that oc-
curred in the complete circuit (dual carriageway, mountain road, and
city streets) under baseline and distraction conditions (Fig. 7).
The negative effect of the using the smartphone during driving
proved evident, as this raised the number of collisions in all the groups
of drivers (by 8.3% for young adults, 25.0% for adults, 80.5% for
middle-aged adults, and 134.5% for older drivers). The negative bi-
nomial model revealed a significant main effect of age [χ⁠2(3)=10.91,
p=0.012] and also of distraction [χ⁠2(1)=5.88, p=0.015]. Thus, tex-
ting while driving caused older drivers to have a higher number of colli-
sions with respect to the other age groups. Also, older drivers had about
93% more collisions than the average of drivers when participants were
texting WhatsApp messages while driving (dotted line).
3.3. Subjective driving performance (DBQ)
Table 4 shows the means scores for each of the individual items re-
lating to violations, errors, and lapses in the Driver Behaviour Question-
naire (DBQ) among drivers in four different age groups.
The most common behaviour was from the Ordinary Violations sub-
scale: “driving while looking at a map or GPS device, changing the radio
Fig. 7. Average number of collisions under the baseline and distraction conditions. Solid
line indicates the mean collisions for the average of drivers at baseline. Dotted line indi-
cates the mean collisions for the average of drivers texting WhatsApp messages while dri-
ving.
station, etc.” The least common behaviour was from the Aggressive Vi-
olations subscale: “becoming angry at other drivers and pursuing them to
express anger”. “Braking too quickly on a slippery road” was the most fre-
quent error for drivers aged from 18 to 54 years. However, “failing to
notice pedestrians crossing when turning into a side street from a main street”
was the most frequent error for drivers older than 55 years. “Getting into
the wrong lane approaching a roundabout or intersection” was the most fre-
quent lapse for drivers aged from 18–24 years and from 40–54 years.
“Realizing that you have no clear recollection of the road along which you
have just been travelling” was the most frequent lapse for drivers aged
from 25–39 years. Lastly, “misreading signs and exiting from a roundabout
on the wrong road” was the most frequent lapse for drivers older than 55
years.
Of the four subscales, the highest mean scores was for Ordinary Vio-
lations (1.66±0.16), followed by Lapses (1.63±0.03), Aggressive Viola-
tions (1.56±0.09), and then Errors (1.34±0.02). The scores for the cur-
rent sample were lower than found by Stephens and Fitzharris (2016)
who obtained the DBQ responses of a sample representative of the Aus-
tralian population. These authors reported mean scores of 1.85±0.60
for Lapses, 1.77±0.67 for Aggressive Violations, 1.72±0.61 for Viola-
tions and 1.44±0.49 for Errors.
Drivers aged 18–24 years had the highest mean scores for the sub-
scale of Ordinary Violations. Drivers aged 25–39 had the highest mean
scores for the Aggressive Violations subscale followed by those older
than 55 years. Drivers aged 40–54 years had the highest mean scores
for the Lapses subscale. Lastly, mean scores for errors were similar for
all groups with “Braking too quickly on a slippery road” being the most
frequent error among drivers (Fig. 8).
The scores showed statistically significant differences for the items
from the Ordinary Violation subscale: “driving while looking at a map or
GPS device, changing the radio station, etc.” and “racing away from traffic
lights to beat the driver next to you” with the highest score for drivers aged
18–24 years. For the Lapses subscale: “forgetting where the car was left in
a car park” and “realizing that you have no clear recollection of the road
along which you have just been travelling” younger adults (25–39 years)
and middle- aged adults (40–54 years) drivers reported the highest esti-
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Table 4
Means±SD of Driver Behaviour Questionnaire (DBQ) among drivers in four different age groups (n=75). *significantly different from other three age groups (p<0.05); ⁠§significantly











Sounding the horn to indicate annoyance with another road user 1.50±0.69 1.85±0.67 1.60±0.50 1.93±0.73
Becoming angry at other drivers and pursuing them to express anger 1.00±0.00 1.10±0.31 1.00±0.00 1.07±0.27
Getting angry at a certain type of driver and expressing anger in any manner 1.80±1.06 2.32±1.20 1.90±0.72 1.62±0.65
Ordinary violations
Pulling out of a junction so far that the driver with right of way has to stop and let you go 1.75±0.97 1.30±0.47 1.30±0.47 1.21±0.43
Driving faster than the speed limit in a playground or school zone 2.15±0.99 1.90±0.72 1.70±0.57 1.57±0.57
Staying in a motorway lane that you know will be closed ahead before forcing your way into the
other lane at the last minute
1.25±0.44 1.60±0.60 1.35±0.59 1.21±0.43
Driving while looking at a map or GPS device, changing the radio station, etc. 3.85±1.63⁠§ 3.55±1.73 2.95±1.28 2.36±0.84
Racing away from traffic lights to beat the driver next to you 2.00±0.86* 1.30±0.47 1.35±0.49 1.33±0.62
Driving so close to the car in front that it would be difficult to stop in an emergency 1.80±1.28 1.55±0.61 1.55±0.51 1.36±0.50
Crossing an intersection knowing that the traffic lights have already changed against you 1.15±0.37 1.25±0.44 1.29±0.47 1.29±0.47
Driving faster than the speed limit 2.05±1.05 2.00±0.73 1.85±0.67 1.71±0.47
Talking on your hand-held cell phone while driving 1.70±1.30 1.55±0.61 1.50±0.51 1.36±0.50
Texting messages, email, etc. while driving 1.45±0.76 1.50±0.61 1.15±0.37 1.00±0.00
Eating or drinking while driving 1.45±0.76 1.55±0.51 1.55±0.61 1.57±0.65
Errors
In the queue to turn onto a main road, paying such close attention to the main stream of traffic that
you nearly hit the car in front of you
1.35±0.49 1.37±0.50 1.35±0.49 1.14±0.36
Failing to notice that pedestrians are crossing when you are turning into a side street from a main
road
1.50±0.76 1.45±0.51 1.30±0.47 1.57±0.94
Failing to check your rear-view mirror before pulling out, changing lanes, etc. 1.25±0.44 1.40±0.60 1.35±0.49 1.29±0.61
Braking too quickly on a slippery road 1.60±0.68 1.65±0.49 1.60±0.50 1.53±0.52
On turning right/left nearly hitting a cyclist who has come up on your inside 1.20±0.41 1.25±0.44 1.55±0.51 1.21±0.43
Missing “Give Way” signs and narrowly avoiding colliding with traffic having right of way 1.30±0.47 1.30±0.47 1.20±0.41 1.31±0.48
Attempting to overtake someone that you had not noticed to be signalling a turn in front of you 1.05±0.22 1.20±0.41 1.25±0.55 1.15±0.38
Underestimating the speed of an oncoming vehicle when you are overtaking 1.55±0.83 1.20±0.41 1.25±0.44 1.14±0.36
Lapses
Hitting something that you had no previously seen when reversing 1.20±0.41 1.20±0.41 1.50±0.51 1.36±0.50
Intending to drive to destination A, you find yourself approaching destination B, because the latter
is your more usual destination
1.84±0.69 1.75±0.55 2.05±0.61 1.64±0.50
Getting into the wrong lane approaching a roundabout or intersection 1.95±1.19 1.80±0.52 2.05±0.61 1.70±0.70
Switching on one item, such as the headlights, when you meant to switch on another, such as the
wipers
1.45±0.69 1.40±0.68 1.15±0.37 1.29±0.47
Attempting to drive away from the traffic lights in third gear 1.50±0.69 1.40±0.50 1.53±0.61 1.57±1.34
Forgetting where the car was left in a car park 1.60±0.68 1.85±0.75 1.95±0.69 1.21±0.43⁠‡
Misreading the signs and exiting from a roundabout on the wrong road 1.85±0.67 1.89±0.81 1.84±0.38 2.00±0.68
Realizing that you have no clear recollection of the road along which you have just been travelling 1.70±0.80 1.95±0.69⁠§ 1.75±0.72 1.21±0.43
Fig. 8. Mean scores for each subscale of Driver Behaviour Questionnaire (DBQ) for each
age group of drivers.
4. Discussion
In recent years, the surge in smartphone use and, therefore in the
use of cell-phone applications such as WhatsApp has led to abuse, with
a rise in the percentage of drivers of all ages who engage in texting
or speaking into their handheld device (Dirección General de Tráfico,
2016). However, texting and driving are both mainly visual tasks and
one of the most important causes of the vulnerability in older drivers
is vision, which is one of the most vital sensory mechanisms in driving
tasks. Aging causes a number of physiological changes in ocular struc-
tures that worsen visual performance and optical quality (Artal et al.,
1993; Martínez-Roda et al., 2016; Owsley et al., 1983), contributing to
a high risk of traffic accidents (Kimlin et al., 2017).
This study compares the effect of new forms of communication (e.g.
texting WhatsApp messages) on driving performance through different
age groups, since safe driving requires effective visual functions as well
as cognitive skills. For visual performance, according to our results,
older drivers had more deteriorated optical quality, with a higher level
of intraocular scattering (Table 1). The results of the present study also
showed that older drivers had less contrast sensitivity than did the other
driver age groups, and that this parameter diminished significantly in
the presence of glare (Fig. 3), resulting in greater glare disability for
older drivers.
These functional changes occurring with age can affect driving per-
formance. Thus, abnormalities in some of these functions have been
correlated with increased traffic accidents. Evidence suggests that re-
duced contrast sensitivity and increased problems with glare degrade
driving ability, especially in dim settings, reducing the number of traf-
fic signs recognized, the ability to detect road hazards or pedestrians,
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sual acuity required for driver license (Kimlin et al., 2017; Wood et al.,
2012). In our study, older drivers, and therefore with greater visual im-
pairment, invaded both the opposite lane and the shoulder significantly
more often and for more time than did younger drivers. Furthermore,
they proved to have less control of the steering wheel and thus less abil-
ity to maintain a consistent lane position, and consequently they had
more accidents. Nonstandard vision tests such as the level of straylight
and the contrast sensitivity (with and without glare) were correlated
with a higher number of collisions, increased distance driven outside the
lane and a higher standard deviation of lateral position, these being con-
sidered useful predictors of driving performance. These results support
those of a previous works showing that a lower contrast sensitivity and
a higher sensitivity to glare contributed to the elevated risk of crashes
(Kimlin et al., 2017; Wood et al., 2009).
In addition to physical and cognitive changes that are associated
with ageing and that can affect driving ability, deficits in visual atten-
tion increase accident risk (Owsley et al., 1998). An important source
of driver distraction are secondary tasks which include eating, drinking,
talking on the phone or to a passenger, and interacting with in-vehicle
information, entertainment, or control systems (Fofanova and Vollrath,
2012). As mentioned above, smartphones represent an important part of
modern life. Thus, our results have shown that about 36.2% of partici-
pants sent WhatsApp messages while driving, and about 4.2% of them
read emails and navigated, data that indicate that despite that Spanish
traffic laws prohibit the use of hand-held mobile phones while driving,
it is still common to see individuals using the smartphone while driving
(Dirección General de Tráfico, 2016).
In the current study, it was observed that, in general, participants
drove more slowly when distracted by texting WhatsApp messages,
the older drivers reducing their velocity the most while texting (about
16.5% or 11.9% in dual carriageway or city streets, respectively).
Yannis et al. (2014) reported that the mean speed while texting a SMS
message was reduced by 45% on urban roads, a reduction greater than
found in our study, although these authors analysed only the impact of
texting on the behaviour of young drivers. Similarly, Liu and Ou (2011)
observed that a complex hands-free cell-phone conversation had a sig-
nificantly negative impact on driving behaviour, and drivers compen-
sated by lowering their speed. However, Young et al. (2014) found that,
compared to baseline driving or a reading condition, the mean speed
increased when drivers wrote text messages, perhaps due to a lack of at-
tention to speed monitoring while writing texts, a task associated with
higher subjective workload scores than the reading condition. On the
other hand, we observed that younger drivers slowed their driving speed
least under distraction conditions, apparently because the perceived risk
had little effect on younger driver’s behaviour in texting while driving
(Atchley et al., 2011).
In relation to the baseline condition, texting WhatsApp messages
while driving also led to a detrimental effect on driving control, as
evidenced by a higher number of unintentional lane excursions, and
a higher standard deviation of lateral position. This effect was more
pronounced in older drivers when driving in more complex settings,
such as two-lane mountain roads or city streets, reflected by ~29%
higher SDLP and ~72% more lane excursions than for the average of all
the other drivers when retrieving and texting WhatsApp messages. The
finding that older drivers are more affected by distraction agree with
the results of other studies. Thus, Rumschlag et al. (2015) also found
that as the driver’s age rose, the percentage of lane excursions became
greater. This negative effect was also reflected in the lower control of
the steering wheel. Thus, the standard deviation of the angular veloc-
ity of the steering wheel during texting WhatsApp messages was higher
than for the baseline condition, except in the city, where it increased
only for drivers 40–54 years old. However, when the driver’s age is
taken into consideration, the results show that WhatsApp texting while
driving again had a harmful effect on the oldest drivers. Our results are
consistent with some studies demonstrating a negative effect of smart-
phone use on the steering position (Papadakaki et al., 2016).
The reduction of attention capabilities of older drivers implies that
the simultaneous performance of texting while driving will also raise
the risk of crashes (Owsley et al., 1998). Texting during driving led
to a greater number of collisions, the driver’s age having a notable ef-
fect (average number of collisions increased by 134.5% for older drivers
when texting WhatsApp messages compared with a 8.3% increase for
young drivers). Hence, the results reflect that as the age of the drive ad-
vances, the accident risk due to distraction notably increases. Yannis et
al. (2014) also found that the accident probability was increased when
reading and writing SMS messages comparing to free driving, but these
researchers sampled only young drivers. Their results agree with those
of earlier studies (Alosco et al., 2012; Drews et al., 2009). Our find-
ings are also consistent with previous suggestions that drivers, espe-
cially older ones, reduce their speed when using a phone, but it cannot
compensate for the increase in accident probability induced by texting
(Yannis et al., 2014). A leading cause of poor driving performance is
high visual demand involved in texting (Hosking et al., 2009; Yannis et
al., 2014; Young et al., 2014).
Although some drivers may be aware of the associated risks in-
volved with driving and using a mobile phone at the same time, a
self-report survey indicated that the number of drivers who used their
smartphone to make or receive calls was high (about 16% handheld
and 45% hands-free device). These results could indicate that currently
there is a greater number of drivers that more frequently prefer to use
hand-free devices when driving. This fact remains worrying, since some
works have concluded that the use of a hands-free device is no less
hazardous than using a hand-held phone (Liu and Ou, 2011). Fofanova
and Vollrath (2012) showed that middle-aged drivers were more likely
to report engaging in certain distracting activities such as using a mo-
bile phone than older drivers (20.7% and 7.8%, respectively). We found
that texting while driving was more frequent for the drivers aged 25–39
years followed by young drivers (18–24 years). However, other types of
distraction were more common for the older group, such as eating or
drinking while driving (Table 4).
In our study, people reported having a hands-free mobile phone con-
versation (45%) more frequently than sending a WhatsApp message
(36%), as occurred in the study by Gras et al. (2007). The data found
here are considerably higher than reported in Canada, with some 27%
of drivers reported texting while driving (Tucker et al., 2015) or in Aus-
tralia with 12.4% (Wales, 2006). A possible explanation is that using
applications WhatsApp is increasing very rapidly in the population, in-
cluding while driving.
Despite that the distraction negatively affected driving performance,
younger drivers (18–24 years) scored a higher mean for ordinary viola-
tions especially for driving while looking at a map or GPS device, chang-
ing the radio station, etc., which was significantly higher than for older
drivers. Getting angry at a certain type of driver and expressing anger was
the second most frequent violation among drivers of 25–39 years of age,
who proved to be the most aggressive group at the wheel. The speed
limit violation was the third key item of violations, the youngest dri-
vers most often being the offenders. These self-reported data indicated
that younger drivers had a higher risk of deliberately violating safe dri-
ving practices, reflecting that they could need other means to change
their driving style than drivers performing unintentional lapses/errors,
as there is different underlying mechanism and different reason behind
the two phenomena (Martinussen et al., 2013).
For errors, i.e. unintended behaviour, no significant differences were
found among the different age groups, although older drivers had the
lowest mean scores in this subscale perhaps because greater driving ex-
perience improves the level of driving skills (Gregersen, 1996). How-
ever, there was a significant difference observed in lapses, particularly
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have no clear recollection of the road along which you have just been
travelling”, with a higher mean scores in younger adults (25–39 years)
and middle-aged adults (40–54 years). Nevertheless, lapses are uninten-
tional slips in memory or attention that do not on their own lead to an
increased risk of crash involvement.
The mean scores for each subscale were lower than found by
Stephens and Fitzharris (2016), indicating that, as in other studies, dif-
ferent countries differ in aberrant driver behaviour even for drivers of
the same country, where aspects such as age, gender, or socio-economic
characteristics may influence the driver’s responses (Martinussen et al.,
2013).
These results reflect that, according to the scores found on the ques-
tionnaires, younger drivers constituted the highest risk group for acci-
dents, due to their behaviour. This might indicate that they overestimate
their driving capacity during distraction. However, the objective results
indicated a significant main effect of age on simulated driving perfor-
mance, with a stronger deterioration in older drivers, implying a greater
accident risk due to the use of applications such as WhatsApp during
driving.
There are a number of possible methodological limitations with this
study. One is that, despite having examined the effects of texting on
driving performance among age groups in a wide range of driving con-
ditions (dual carriageway, mountain road of one-lane single carriage-
way, and inner-city), the findings refer to a driving simulator, making it
impossible to capture all the real-world dynamics of driving. However,
many studies have demonstrated the validity of driver simulators, indi-
cating that their use provided the most ethical way to conduct studies,
ensuring safety in all situations. (Collet et al., 2010).
Another limitation is the lack of results that examine the effect of
texting on driving performance by gender, due to the difficulty of find-
ing females who completed the study, as most had to be excluded for
showing symptoms of simulator sickness.
On the other hand, although the main objective was to evaluate the
effect of texting WhatsApp on driving performance on drivers of differ-
ent ages, it would have been informative to take into account as a fac-
tor the overall time that the participants took to complete the distract-
ing task (to read/send a message). A higher percentage of texting time
would increase driving errors. Nevertheless, our results also show that
texting has a main effect on the standard deviation of the lateral posi-
tion, the number of times the driver veers outside the lane, and the col-
lisions, even among the younger drivers.
Due to the ageing of the population and the extended use of appli-
cations such as WhatsApp, which permits real-time text messages to be
sent at no cost, the number of drivers that use a smartphone while dri-
ving is likely to increase, even among the older population. Therefore,
because of the fundamental role of vision in driving, the findings of this
study are of critical interest, showing that nonstandard vision tests, such
as the measurement of the contrast sensitivity and the level of retinal
straylight, could be useful predictors of the driving performance. Hence,
even when the visual acuity is much greater than the minimum limit
required by driving regulations, it would be recommendable to include
other vision tests in the examination for driver licensing, thereby rais-
ing the awareness of older drivers regarding their visual limitations, and
thereby encouraging them to adopt the necessary compensatory mea-
sures to maintain driving safety.
Given that all participants in the current study were healthy dri-
vers, future studies could examine the driving performance in a sample
with participants with greater loss of vision or those affected by ocular
pathologies in order to reach a better understanding of the interactions
between visual and driving factors, since visual impairment can play a
vital role in safety road. In addition, for greater comprehension of the
risks of distracted driving, we also recommend examining the effect of
texting on simulated driving among age groups including factors such
as the overall time engaged in the distractive task and/or the glance be-
haviour.
5. Conclusions
In summary, because the ageing population has increased the num-
ber of elderly drivers and because of the widespread use of the smart-
phone while driving (and more specifically certain applications such
as WhatsApp), this cause of distraction has begun to be common in
groups other than the youngest drivers. The results of this study sug-
gest that texting WhatsApp messages while driving significantly impairs
driving performance, with older drivers being the group most adversely
affected, despite that they use WhatsApp as a common form of commu-
nication. This negative effect is observed especially when they drive in
challenging settings such as two-lane mountain roads and city streets,
despite the compensatory mechanism of reducing driving speed. There-
fore, we deem it necessary to include nonstandard vision tests, such as
the measurement of the contrast sensitivity and the level of retinal stray-
light, in the visual examination for the driving license as these have
shown a significant association with driving performance, since visual
acuity in high contrast situations is a poor predictor of driving ability.
Lastly, it is vital to determine the key problem areas in driving and
those that exert varying effects on drivers of different ages. Thus, it is
important to raise the awareness of the youngest drivers of their behav-
iour behind the wheel as well as warning the oldest drivers of age-as-
sociated changes in vision that can pose risks during driving and that
can notably increase during distractions, such as texting WhatsApp mes-
sages.
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